The vast majority of the literature on jobshops has been addressed to the machine limited queueing systems.
Recently, some analyses of actual jobshops suggest that machinery may not be the critical item but that available labor and its relative efficiency at various machine centers may be the limiting factor, (4) .
With the introduction of the human element into this type of system, another dimension is added to the decision-making process. With a strict machine limited system, the problem was to determine "good" machine loading rules.
Conway et al (3), Nanot (12) and others have developed such strategies. When the system is labor limited, however, the problem becomes more complex, i.e. one must also specify labor assignment rules.
Complete Labor Assignment Procedure. The Model.
The basic model described in this paper is a variation of GERT (Graphical Evaluation and Review Technique). Developed
by Pritsker (18, 19) , GERT, which is similar to PERT, is a procedure for modeling stochastic decision networks. Since its inception, GERT has evolved through GERT II and GERTS III (a general purpose program written in GASP) for simulating stochastic networks. This was followed by GERTS III C, GERTS III Q and GFRTS III R.
Basic GERTS. The general features of the basic GERTS simulation models include: a) Network branches -characterized by the probability of being selected, the time required to complete the activity represented by the branch (it may have any one of several probability distributions), and the efficiency of each resource required to perform that activity
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(optional). and also displays the method for specifying the arc parameters. Figure 3 shows a variety of node and arc types, for which a brief explanation follows. Node 6 is a node which has probabilistic output, thus the probability of selection (P) is less than one on arcs (6, 7) and (6, 8) .
Theparameter set format is defined on arc (6,7) and a typical numerical example is given on arc (6, 8 A standard feature of GERTS III QR is the QUEUE node. The QUEUE node is one which provides a storage capability for on-going items.
The concepts of first and secondary releases are not appropriate for a QUEUE node, and so the QUEUE node is characterized by:
(1) the number of items initially in the queue, and (2) the maximum number of items allowed in the queue.
Other parameters associated with a QUEUE node are the order of processing and the node to which an item would balk if it arrives when a queue is full.
In the version used in this study, GERTS III QR was further modified to include priority rules other than the standard rules, LIFO and
FCFS.
To implement the SOT rule additional attributes had to be added to the queue list since job processing times were assigned to the job upon entry into the system. Therefore, a job selection sub-routine was also now required.
Implementation of the RANDOM priority rule required only minor modification of the SOT subroutines.
The initial randomly assigned job times were used as the random variable for job priority selection using the SOT procedure, however, a different job processing time was then assigned when the job underwent actual processing. Thus the system is constrained by both labor and machines. Labor is allocated to available jobs by assigning the most efficient laborer to the machine center with the job having the highest priority per the selected priority rule.
In this example the labor force is assumed to be homogeneous and all laborers' efficiencies are equal to 1.0 (100%).
The Problem Statement
The problem can be stated as follows.
Given the system described above, determine the proper job selection rule (machine loading) and its related labor assignment rule so as to optimize some measure of system performance.
The key measures used in this study are job waiting time characteristics.
The machine loading and labor assignment rules to be evaluated are: The GERTS III QR network model for a 3 service facility and 2 laborer system is depicted in Figure 5 .
have been chosen as the technique is very Figure 5 depicts a GERTS III QR network model for a system with three machines and two laborers. The accompanying set of system and general in structure. However, this particular arc parameters for this example are given in system was chosen for three major reasons:
(1) there are many actual situations which are closely approximated by this model; (2) the Table I . The data in this table and the figure system is complex enough to illustrate the power of GERTS III QR and yet simple enough specify that this system has three machines and two laborers. For convenience this is referred for reasonably compact discussion; and (3) a to as a 3-2 system; the first number being the number of machines, m, and the latter being the number of laborers, n.
\\ study was conducted on systems of this type (1/3; constant time (4, 6) (1/3; constant time (4,7)
(1/3; constant time (5, 8) (i.0; exponentially (6, 8) (1.0; exponentially (7, 8) (1.0; exponentially (8, 9) (1.0; constant time 
The Experimental Results
In Table II , the results using the FCFS, SOT and RANDOM machine loading and labor assignment rules are summarized. The main control variables were system configuration and labor utilization.
From the Table, A somewhat surprising result is that the amount of labor blocking is higher for the SOT rule than the FCFS rule. The authors have no readily intuitive explanation for this phenomenon, and it is a subject for further research.
Another effect is that for a given system with all rules, labor blocking drops as system utilization increases. Again, this is an intuitive result since labor blocking is a phenomena In Figure 6 , the number of service centers, m, is fixed at 8, Pl = .90, and the number of laborers, n, varies from 1 to 8. The experimental change in w/s resulting from a change in n is depicted by the u-shape curves. In addition to the experimentally obtained u-shape curves, curves for the "theoretical normalized mean waiting time" using FCFS and SOTare shown. The data points for these curves are given by the equation:
1.2 (WIS)n = WlUlln = the "theoretical" normalized mean n waiting time for a system with n laborers.
Wl
= the mean waiting time for a system with one laborer ~i = the mean service rate when the system has only one laborer. n = the number of laborers.
The "theoretical" values given by this formula assume that each laborer added to the system is equally as effective as the first laborer;
i.e., this formula neglects the effects of both labor blocking and "flexibility" in the system. In Table II 
Computer Experience
The simulations were run on a CDC 6600 computer at the University of Texas at Austin.
A total of 26,000 jobs were simulated in each run. The first thousand jobs were not used in calculating the statistics but were required to initialize the system. The simulation run times ranged from 142 seconds for a 2-1 system to a maximum of 175 seconds for a 9-6 system. This includes 13.5 seconds for compile time.
The run times for the FCFS and RANDOM systems were generally 20% higher than for the SOT rule.
The core storage requirements were 40,200 words.
For identical small systems the GERTS III QR simulator requires less than half the computation time required by the prior SIMSCRIPT simulator (9, 14) . For larger systems the savings is even more significant.
Conclusions
The results of this study show that for The preliminary runs were used to identify both bottlenecks and greatly underutilized service centers. This facilitated a shift of resources throughout the network in order to achieve a more balanced workload.
The experiments reported in this paper are being duplicated for heterogeneous DRC systems. These latter investigations have led to the evoluation of some interesting and practical labor assignment rules and they will be the subject of a future paper.
In summary, GERTS III QR is a major improvement over the more traditional simulation packages for ease of structuring systems and in savings of computer time.
We wish to acknowledge the work done by Hogg (8) and Hoge (7) in developing the statistics on FCFS and SOT respectively.
